Traumatic head injury is a leading cause of death and disability worldwide. How clinicopathological features differ by age remains unclear. This epidemiological study analyzed the clinicopathological features of patients with head injury belonging to 3 age groups.
Background
Traumatic head injury (HI) is one of the most common causes of death and disability worldwide. The clinical and pathological features of HI are not only helpful for its diagnosis and treatment, but also can help analyze the wounding mechanism in the field of forensic medicine [1] . According to largescale population statistics, more than 40% of autopsy cases for violent death are caused by central nervous system injury, and 2% of disability is caused by brain injury [2] . In recent years, HI cases have steadily increased in both developed and developing countries. Therefore, it is of great significance to assess the clinical and pathological characteristics of HI [3, 4] .
HI epidemiology is well reported worldwide [5, 6] . However, differences in clinical and pathological features in HI among juvenile, middle-aged, and elderly individuals remain undefined. Thus, the purpose of this study was to assess the descriptive epidemiology and characteristic trends of HI among juvenile, middle-aged, and elderly subjects in the Department of Cerebral Surgery of the Affiliated Hospital of Guizhou Medical University and the Department of Cerebral Surgery of the Guizhou Provincial People's Hospital (both in Guiyang, China) in 2011-2015. The findings could help determine how HI occurs, and identify its cause and manner in different age groups.
Material and Methods

Subjects and grouping
The subjects were patients who underwent standardized systematic treatment for first-time hospitalization after HI. Medical records were obtained for the period from December 2011 to November 2015 in the Affiliated Hospital of Guizhou Medical University and the Guizhou Provincial People's Hospital for patients treated in the Department of Cerebral Surgery. Inclusion criteria were: complete medical records, including the diagnosis of craniocerebral trauma, brain contusion or skull fracture, and other diagnostic parameters related to traumatic HI. Exclusion criteria were: (1) rehabilitation treatment for HI; (2) hospital readmission for HI; (3) a previous history of HI and hospitalization for other reasons.
The subjects were divided into 3 groups, including the juvenile (0-17 years), middle-aged (18-64 years), and elderly (65 years and older) groups.
The data collected included general patient information (e.g., hospitalization, medical records, gender, age) and inpatient medical records (e.g., injury pattern, manner, and type; type and location of skull fracture; intracranial hematoma, cerebral injury).
The study was approved by the Ethics Committee of Guizhou Medical University.
Methods
This was a retrospective study. By reviewing the medical records of all subjects, the required information was collected using a pre-established questionnaire. The data were input into computers and SPSS 21.0 software was used for analysis.
Questionnaire content
General information included the patient number, sex, age, and mortality, among others. Causes of injury included blunt blow, fall, traffic injury, and high fall injury. Manners of injury included self-mutilation, injury by another person, and accident. Types of injury were scalp injury, skull fracture, intracranial hemorrhage, and brain injury, among others.
Data collection
According to the above inclusion and exclusion criteria, eligible subjects were screened and their original hospitalization records retrieved to fill out the questionnaire.
Statistical methods
All statistical analyses were performed with SPSS 21.0 (SPSS, Inc., Chicago, IL, USA). The chi-square (c 2 ) test for R×C tables was used to compare the 3 age groups. Then, pair comparisons were performed by the c 2 test for 2×k tables. The K-independent nonparametric test was used for each age group. P<0.05 was considered statistically significant. 
Results
Sex and mortality
HI pattern and nature
Fall was the most common type in the juvenile and elderly groups (32.79% and 43.95%, respectively), while traffic injury was the most common type in the elderly group (35.08%). The rate of blunt blow was highest in middle-aged individuals (12.47%) ( Table 3) . Accident was the most common cause of HI in the 3 age groups, with the highest proportion in the juvenile group (78.91%) followed by the elderly group (78.23%). Self-injury was the most common cause in elderly individuals (1.61%), and infliction by another person was most common in middle-aged subjects (8.66%) (Table.4).
HI types
For head injury types, cerebral injury was the most common, accounting for 79.38%, followed by intracranial hemorrhage (65.44%), skull fracture (58.10), and scalp injury (57.48%).
Scalp injury and intracranial hematoma were the most common types in the juvenile (67.32%) and elderly (69.56%) groups. Both cerebral injury and skull fracture were the most common type in middle-aged subjects (90.44% and 63.50%, respectively) ( Table 5 ).
Scalp injury
Scalp hematoma was the most common type of scalp injury in juveniles (51.61%), while scalp laceration and contusion were the most common types found in the middle-aged (40.68% and32.12%, respectively) groups. Scalp injury was found in 57.48% individuals, including 4.15% and 35.10% cases with scalp abrasion and laceration, respectively (Table 6 ).
Skull fractures
In the 3 age groups, fracture of the calvaria was the most common skull fracture. Fracture of the skull base, cranium with skull base fracture, and craniofacial fracture were all the most common type in elderly patients (21.02%, 22.16%, and 8.52%, respectively) ( Table 7) .
Linear fracture was the most common type in middle-aged subjects (70.94%) and depressed fracture was the most common type in juveniles (37.31%). Comminuted and perforating fractures showed highest rates both in elderly patients (11.27% and 3.76%, respectively) ( Table 8) .
Intracranial hematoma
Epidural hematoma was the most common type in the juvenile and middle-aged groups (54.17% and 37.56%, respectively), while subdural hematoma showed the highest rate in 
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elderly individuals (45.51%). Subarachnoid hemorrhage was the most common type in the elderly group (23.19%), while intracerebral hematoma was the most common type in middle-aged patients (10.28%). In the 3 age groups, intracerebral hematoma was the least common (Table 9) .
Cerebral injury
The rate of cerebral contusion was highest in the 3 age groups, while concussion was least common. Cerebral concussion was the most common type in the middle-aged group (2.55%).
Diffuse axonal injury and primary brain stem injury were also the most common types in middle-aged subjects (10.80% and 16.00%, respectively; Table 10 ).
Discussion
To the best of our knowledge, this is the first population-based study assessing traumatic HI among juvenile, middle-aged, and elderly individuals that included both clinical and pathological characteristics. In addition, most previous studies analyzing 
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HI compared elderly and young subjects. This study provides more detailed results by including middle-aged subjects. The findings could help determine how HI occurs as well as its cause and manner in different age groups.
Incidence, sex distribution, and mortality
The above findings revealed that HI was most common in middle-aged subjects, followed by juveniles and the elderly. These results were consistent with those reported by Secer and Salem [7, 8] but differed from those of Siman and Younis [9, 10] . Regarding sex differences in the 3 age groups, HI was more common in males than in females, with the largest proportion of males affected in the middle-aged group, corroborating previous findings [11, 12] . It is possible that middle-aged men are more likely to work outdoors, and as a result are more likely to sustain injury at the workplace, while middle-aged women are usually housewives or are more engaged in indoor work. In addition, we found that the juvenile group had the lowest male-to-female ratio for HI, which might be because most juveniles were of school-age, with the risk of injury likely consistent in both males and females.
As with most previous studies, our results revealed higher mortality of elderly patients with HI compared with juvenile and middle-aged subjects. This might be associated with body weakening in the elderly, whose death might be associated with other diseases after head injury [1, 3] . Furthermore, this study found the mortality rate of middle-aged patients was higher than that of juveniles. It might be that HI in middle-aged patients was mainly caused by traffic accidents, with motorcycle accidents accounting for a large proportion, causing more serious damage than falls in juveniles [13] .
Mechanism and manner of HI
Traffic accident is considered by some to be the primary cause of HI, while others believe it is falls instead; the discrepancy might be related to patient age [14] [15] [16] [17] [18] . It was reported that fall is the primary risk factor for HI in the elderly people [17, 19] , and Home et al. considered that children <5 years and adults ³65 years of age are at greatest risk for fall-related injuries [20] . For adolescents and children, different views have been voiced. Some studies reported that traffic accidents are the primary risk factor [17, 21, 22] , while others instead described fall as the most important factor [23, 24] .
In this study, the rate of fall-associated HI was highest in the juvenile and elderly groups, while traffic accident-related HI in elderly subjects accounted for the largest proportion. Falls here included falling down by pedestrians or cyclists, but not from height. These 2 ways are more common by juveniles and the elderly than in middle-aged subjects. HI caused by fall from height was more common among juveniles, which might be related to poor vigilance in this age group prone to accidental fall from height.
Consistent with previous reports, the above results showed that the most common cause of HI was accident in the 3 age groups, while self-inflicted injuries and those inflicted by other people only accounted for a small percentage [25] [26] [27] . However, it is worth noting that the proportion of HI caused by other people in middle-aged subjects reached 8.66%, which was significantly different from those of other age groups (P<0.05). It may be that most Chinese middle-aged individuals nowadays have to raise children and support the elderly, thus sustaining higher work and life pressures compared with the other age groups. As a result, they are more likely to fight and suffer head injuries. Furthermore, in this study, the highest proportion of self-inflicted injuries was found in elderly subjects, corroborating a previous report which indicates that more attention should be paid to the mental health of the elderly in order to reduce injury incidents [19] .
Patterns of head injury
Scalp injury accounted for the largest proportion in the juvenile group and might be related to scalp tenderness in the young, with falls more likely to cause scalp injury. Cerebral injury and skull fracture were the most common patterns in the middleaged group, in agreement with previous findings that cerebral injury and skull fracture are positively correlated. The proportion of intracranial hematoma cases in the elderly group was the largest, corroborating previous reports.
Types of scalp injury
Scalp injury is common in head trauma. It includes abrasions, bruises, lacerations, and scalp hematoma, which are important for developing injury assessment tools and analyzing injury mechanisms.
In this work, scalp hematoma was the most common type in juveniles, and laceration and contusion were the most common types in the middle-aged groups. Scalp abrasion was the least common type in the 3 age groups. Aghakhani reported that scalp injury was found in 76.2% and 75% of individuals with motor vehicle accident injury and fall, respectively; while scalp abrasion and laceration were found in 65.2% and 54.5% among scalp injuries, respectively [28] . In this study, scalp injury was found in 57.48% of individuals, including 4.15% and 35.10% cases with scalp abrasion and laceration, respectively. These values were lower than those reported by Aghakhani, probably because the latter authors assessed autopsy cases, while the current findings were based on clinical inpatient medical records, and some minor scalp injuries might have not been recorded by clinicians.
Types of skull fractures
The shape of a skull fracture is helpful in determining the traumatic object and analyzing the mechanism of craniocerebral injury. The incidence of skull fracture is an effective method to judge the incidence of craniocerebral injury. Epidemiological data on fractures in different age groups are scarce, and there have been few reports comparing different types of skull fractures in different age groups.
In this study, linear fracture was the most common type in the 3 age groups, with the highest proportion found in middle-aged subjects, consistent with previous findings [29] .
The proportions of depressed and comminuted fractures in the juvenile and elderly groups were the largest, while the difference in perforated fracture rates among the 3 groups was not significant.
In the 3 age groups, the proportions of calvarial fractures were the highest, while craniofacial fractures showed the lowest rates.
Types of intracranial hematoma
It was reported that epidural hematoma occurs in 25% to 45% of severe TBI cases [30] . In this study, epidural hematoma occurred in 48.86%, 37.57%, and 25.49% of juvenile, middle-aged, and elderly subjects, respectively, somewhat in disagreement with previous reports. However, these figures not only included cases of severe head injuries, but also the moderate and mild types.
Irie et al. reported that HI peaks at the age of 18, and gradually decreases with increasing age [31] . This study found a similar trend, with HI rates in the juvenile, middle-aged, and elderly groups reduced successively.
As shown above, the trend of traumatic subarachnoid hemorrhage was opposite to that of epidural hemorrhage, whose proportion in the elderly was the largest, sequentially followed by the middle-aged and juvenile groups. The proportion of subarachnoid hemorrhage in elderly patients in this study was higher than reported previously (30.59% vs. 12.7%), while the rate of traumatic subdural hemorrhage was lower (37.13%) than the 42.9% reported previously [32] . Intracerebral hemorrhage proportions were not significantly different among the 3 age groups.
Types of cerebral injury
The proportions of cerebral concussion in the 3 age groups were very low, likely due to underestimation. Concussion symptoms might not be known to many injured individuals, who might not be able to completely describe their condition after injury [33] . The highest proportion of cerebral injury was brain contusion in the 3 groups. The proportions of cerebral concussion between the juvenile and middle-aged groups, and the proportions of cerebral contusion between the juvenile and elderly group were similar. Diffuse axonal injury and primary brain stem injury showed little difference between juvenile and elderly groups, while the differences were larger when compared to the middle-aged group.
Menon et al. and Aghakhani et al. reported that brain contusions were found in 35% and 74.3%, respectively [28, 34] . In this study, 78.47% were obtained in juveniles, with 67.35% in middle-aged subjects and 72.82% in the elderly, which are values closer to findings by Aghakhani et al.
Limitations
Limitations of this study should be mentioned. First, hospital records were reviewed, with no outpatient data collected. Thus, this study might have underestimated the total number of HI cases. To obtain a complete picture, Emergency
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Department data are vital, as many mild HI cases are solely treated there. Secondly, no information on the pre-injury health status was available, as well as risk factors of injury and qualitative outcome data. Finally, because of the retrospective nature of the current study, we did not have complete control over the assessed variables, with missing or incorrect data in many instances.
Despite these limitations, the present results provide a valuable reference for relevant studies. To the best of our knowledge, studies assessing differences in the proportions of clinical and pathological types of head injury in various age groups are rare. In particular, differences in various types of HI, such as scalp injury, skull fracture, intracranial hemorrhage, and brain injury, have rarely been reported for different age groups. This study might provide new insights into HI and trigger further studies of HI epidemiology in juvenile, middle-aged, and elderly individuals.
Conclusions
This was the first population-based study assessing clinicopathological characteristics of traumatic HI among juvenile, middle-aged, and elderly subjects. The current findings might provide novel insights into the clinicopathological and epidemiological characteristics of traumatic brain injury in different age groups and help improve the clinical diagnosis and treatment of HI. Further studies are required to identify the specific causes of differences in clinical and pathological features of traumatic HI in different age groups as well as the relationships among HI types.
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